Background The diagnostic and therapeutic strategy for acute pulmonary thromboembolism (APTE) 
Introduction

The number of patients with acute pulmonary thromboembolism (APTE) has increased in recent years (1-3). One of the reasons is that the diagnostic power has been improving (4). Because the diagnostic power varies among hospitals, it is important to make a diagnostic strategy for APTE. A way to elevate the pre-test probability in patients suspected of APTE has been sought (5-7), and D-dimer, perfusion lung scan, and venous ultrasonography of the legs were determined to be central to the diagnosis of APTE in the guidelines of Western countries
. These diagnostic strategies of Western countries could not be accepted completely in Japan because of some differences in the actual conditions in Japan. Therefore, an original diagnostic strategy for Japan has been sought. As for the therapeutic strategy, it has not been determined in which cases thrombolytic agents should be administered.
In the present study, we examined ways to improve the pre-test probability in APTE-suspected cases, and determine a practically available diagnostic strategy for use in Japan,
T a b l e 1 . Va l u e s Us e d i n t h e De c i s i o n An a l y s i s based on questionnaires about examinations employed in emergencies by members of the Japanese Society of Pulmonary Embolism Research (JaSPER). And we also examined the diagnostic and therapeutic strategy using decision analysis.
Method
The present study is made up of three parts. (Fig. 3) . F i g u r e 1 . De c i s i o n t r e e f o r d i a g n o s i s a n d t r e a t me n t o f a c u t e p u l mo n a r y t h r o mb o e mb o l i s m ( AP T E ) . AC, a n t i c o a g u l a n t ; T L , t h r o mb o l y s i s ; P AG, p u l mo n a r y a n g i o g r a p h y ; CT , c o mp u t e d t omo g r a p h y ; DD, D-d i me r ; s / o , s u s p e c t e d o f ; w/ o , wi t h o u t ; + , p o s i t i v e r e s u l t ; -, n e g a t i v e r e s u l t ; □ , d e c i s i o n n o d e ; ○ , c h a n c e n o d e . Fig. 4 is the result of the decision analysis for the decision tree shown in Fig. 1-! T a b l e 2 . P a t i e n t Ch a r a c t e r i s t i c s i n t h e P r e s e n c e a n d Abs e n c e o f AP T E T a b l e 3 . S y mp t o ms a n d S i g n s i n t h e P r e s e n c e a n d Ab s e n c e o f AP T E T a b l e 4 . Ch e s t Ro e n t g e n o g r a m, E l e c t r o c a r d i o g r a m, E c h oc a r d i o g r a m, a n d D-d i me r F i n d i n g s i n t h e P r e s e n c e a n d Abs e n c e o f AP T E sion tree shown in Fig. 1 (8) (9) (10) Re c e i v e r o p e r a t i n g c h a r a c t e r i s t i c s ( ROC) c u r v e i n h e a r t r a t e a n d D-d i me r l e v e l .
Results
Prospective case-registry
The examination tests of APTE
Decision analysis
Discussion
Diagnostic strategies of APTE have been discussed in various reports and Western guidelines
Before using imaging techniques specific to APTE
The pre-test probability of APTE had already been high before using specific diagnostic imaging techniques. Our data suggested that some findings could be used to elevate further the pre-test probability. Hoellerich and Wigton (6) , and 55% by Celi et al (7) ]. There are two potential reasons. The first is that APTE had been suspected less frequently and only typical cases had been diagnosed in Japan. The second potential reason is that APTE patients had been effectively selected, which cannot be completely ruled out because all our cases were from selected hospitals, members of JaSPER.
APTE was present in 66.7% of cases introduced to a member of JaSPER before using specific imaging techniques. This means that the pre-test probability is high in Japan compared with that in previous reports in Western countries [40% of test group and 42% of validation group by Miniati et al (5), 33% of test group and 41% of validation group by
Autopsy studies showed that the death rate from APTE in Japanese was similar to that in non-blacks non-whites in the United States (15, 16) which was 39% of that in white Americans (16) 
Diagnostic procedure
We showed that the diagnostic strategy for APTE made by the Japanese Circulation Society (19) i g u r e 4 . P r e -t e s t p r o b a b i l i t y o f a c u t e p u l mo n a r y t h r o mb o e mb o l i s m ( AP T E ) a n d e x p e c t e d u t il i t y . E x p e c t e d u t i l i t y wa s c a l c u l a t e d u s i n g v a l u e s i n T a b l e 1 a n d d e c i s i o n t r e e s h o wn i n F i g . 1 -① . L o we r b a r i n d i c a t e s t h e h i g h e s t r a n k i n g s t r a t e g y a t c e r t a i n p r e -t e s t p r o b a b i l i t i e s . AC, a n t i c o a g ul a n t ; CT , c o mp u t e d t o mo g r a p h y ; P AG, p u l mo n a r y a n g i o g r a p h y . (11, 12, 21 (Fig. 6) (19 
not in all hospitals. Another was the use of non-quantitative assays in over half of the hospitals. These can be improved with minimal investment. The results of perfusion lung scan and ventilation lung scan can be obtained on the day ordered in only 54.5% and 3.6% of the hospitals, respectively. This results from the necessity for careful handling of radioisotopes in Japan. The specificity of lung scan is inferior to those of CT, pulmonary angiography and MR angiography
Decision analysis
From the decision analysis, anticoagulant has to be chosen in patients with suspected APTE in Japan because the pre-test probability of APTE was over 60%, when the use of thrombolysis was not needed for the differential diagnosis. Given that thrombolytic agents lower the mortality from APTE to a great degree compared with anticoagulant use alone, thrombolytic agents can be used theoretically without confirmation of the diagnosis. Decision analysis comparing no treatment, heparin treatment, pulmonary angiography with and without D-dimer, and CT with and without D-dimer for patients with suspected APE indicated that CT and pulmonary angiography with and without D-dimer have higher utility than heparin when the pre-test probability was below about 50%, and that the relation was reversed when the probability was over about 50%. But there was little difference in the expected utility between CT and PAG with and without D-dimer.
F i g u r e 5 . Co n d i t i o n s f o r o b t a i n i n g ma x i mu m u t i l i t y wi t h t h e c h a n g e i n l o s s o f u t i l i t y b y a c u t e p u l mo n a r y t h r o mb o e mb o l i s m ( AP T E ) i t s e l f . We c o mp a r e d t h e f o l l o wi n g 5 c o n d i t i o n s : 1 ) n o t r e a t -
me n t , 2 ) a n t i c o a g u l a n t u s e wh e n CT wa s p o s i t i v e , 3 ) a n t i c o a g u l a n t u s e wi t h o u t CT , 4 ) c o mb i n a t i o n u s e o f a n t i c o a g u l a n t a n d t h r o mb o l y t i c a g e n t wh e n CT wa s p o s i t i v e , a n d 5 ) c o mb i n a t i o n u s e o f a nt i c o a g u l a n t a n d t h r o mb o l y t i c a g e n t wi t h o u t CT . F i r s t , 1 ) , 2 ) a n d 3 ) we r e c o mp a r e d u s i n g ① . T h e c o n d i t i o n a t t h e h i g h e s t s c o r e o f e x p e c t e d u t i l i t y wa s o b t a i n e d f r o m t h e p r e -t e s t p r o b a b i l i t y a n d v a l u e o f A-B . I f 1 ) wa s h i g h e s t b e t we e n 1 ) , 2 ) a n d 3 ) , 1 ) , 4 ) a n d 5 ) we r e c o mp a r e d u s i n g ② . Ot he r wi s e , i f 2 ) wa s h i g h e s t , 2 ) , 4 ) a n d 5 ) we r e c o mp a r e d u s i n g ③ . An ( A-C) -( B -C) p l a n e wa s
d i v i d e d i n t o t h r e e p o r t i o n s t o o b t a i n t h e ma x i mu m u t i l i t y b y t h e p r e -t e s t p r o b a b i l i t y . T h e h i g h e s t u t i l i t y wa s u n d e r t h e c o n d i t i o n o f 2 ) a t t h e l o we r p o r t i o n o f t h e p l a n e , 4 ) a t t h e l e f t u p p e r p o r t i o n , a n d 5 ) a t t h e r i g h t wa r d p o r t i o n a s s h o wn i n t h e s u b -wi n d o w o f t h e f i g u r e .
Ot h e r wi s e , i f 3 ) wa s h i g h e s t , 3 ) , 4 ) a n d 5 ) we r e c o mp a r e d u s i n g ④ . An ( A-C) -( B -C) p l a n e wa s
d i v i d e d i n t o t h r e e p o r t i o n s t o o b t a i n ma x i mu m u t i l i t y b y t h e p r e -t e s t p r o b a b i l i t y . T h e h i g h e s t u t i l i t y wa s u n d e r t h e c o n d i t i o n o f 3 ) a t
o wn i n F i g . 3 -② , wh e r e t h e mo r t a l i t i e s b y AP T E wi t h o u t t r e a t me n t ( A) , t r e a t i n g b y a n t i c o a g u l a n t ( B ) a n d b y a c o mb i n a t i o n o f a n t i c o a g u l a n t a n d t h r o mb o l y t i c a g e n t s ( C) we r e v a r i a b l e . We a s s u me d A> B > C. Ot h e r wi s e , e a c h t h e r a p y i s a p p a r e n t l y u s e l e s s . AC, a n t ic o a g u l a n t ; T L , t h r o mb o l y s i s ; CT , c o mp u t e d t o mo g r a p h y . (22, 23) . On the other hand, Fig. 5 a r y a r r e s t ; Xp , r o e n t g e n og r a m; E CG, e l e c t r o c a r d i o g r a p h y ; T T E , t r a n s -t h o r a c i c e c h oc a r d i o g r a p h y ; P AG, p u l mo n a r y a n g i o g r a p h y ; CT , c o mp u t e d t o mo g r a p h y ; MRA, ma g n e t i c r e s o n a n c e a n g i o g r a p h y ; T E E , t r a n s -e s o p h a g e a l e c h o c a r d i o g r a p h y ; DVT , d e e p v e i n t h r o mb : s i s ; P CP S , p e r c u t a n e o u s c a r d i o -p u l mo n a r y s u p p o r t . ( F r o m T h e J a p a n e s e Ci r c u l a t i o n S o c i e t y . Gu i d e l i n e s f o r t h e d i a g n os i s , t r e a t me n t a n d p r e v e n t i o n o f p u l mo n a r y t h r o mb o e mb ol i s m a n d d e e p v e i n t h r o mb o s i s ( J CS 2 0 0 4 ) . Ci r c J 2 0 0 4 ; 6 8 ( S u p p l I V) : 1 0 7 9 -1 1 3 4 ( i n J a p a n e s e ) wi t h p e r mi s s i o n ) .
Consideration of the pre-test probability of APTE in
F i g u r e 7 . T h e r a p e u t i c s t r a t e g y f o r a c u t e p u l mo n a r y t h r o mb o e mb o l i s m ( AP T E ) . CP A, c a r d i o -p u l mo n a r y a r r e s t ; P CP S , p e r c u t a n e o u s c a r d i o -p u l mo n a r y s u p p o r t . ( F r o m T h e J a p an e s e Ci r c u l a t i o n S o c i e t y . Gu i d e l i n e s f o r t h e d i a g n o s i s , t r e a tme n t a n d p r e v e n t i o n o f p u l mo n a r y t h r o mb o e mb o l i s m a n d d e e p v e i n t h r o mb o s i s ( J CS 2 0 0 4 ) . Ci r c J 2 0 0 4 ; 6 8 ( S u p p l I V) : 1 0 7 9 -1 1 3 4 ( i n J a p a n e s e ) wi t h p e r mi s s i o n ) .
cardiopulmonary arrest caused by cardiac reasons including pulmonary embolism and myocardial infarction (24) . Their findings appear to be in agreement with the situation described above.
Therapeutic strategy (Fig. 7) was also described in the guidelines (19) where preP is the pre-test probability. Then, the postprobability of APTE, conditioned by a negative diagnostic result, is described by the following equation:
Calculation of Expected Utility (EU)
Values of EU range from 0 (dead) to 100 (alive without morbidity). We dealt with 10 events of morbidity as one event of mortality as in Perrier's report (11) . The EU value at the right border of each decision branch in Fig. 1 
